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Wind is a real source of
energy in MNorth Dakota.
Windmilis have Deen used
to pump water for many
years. When electricity be-
came generaily avatlable,
locally significant amounts
were generated by wind-
driven generafcrs.

Only with the advent of
suburban and rurzl electri-
fication did the utility of
wind power decline. Yet,
while some machines van-
ished, others — and the
wind — are still here.

NMow, today's higher
energy prices have
revitalized interest in wind
power, In an era of finite
fuel sources, wind is
recognized as a renewable
energy resource which can
be tapped in many places.

Water Pumping Windmills

windmills converting
wind to reciprocating
mechanical energy to
pump water have been the
most successful and
familiar application of wind
power. Even today,
thousands of them, in vary-
ing stages of repair, are
sprinkled over the tand-
scape.

Then as now, the most
difficult aspect of design-
ing a wind machine was
not getting it to work, but
rather getting it to hoid to-

the
continual need for water
created an expanding
market for wind-powered

gether. Fortunately,

water pumpers and
stimulated a number of in-
venticns and patenis on
ways to get mechanical
energy from the wind.

Daniel Halliday created
the first widely successful
design in 1854.

Halliday’s hinged rotor
was constructed of a
number of wooden slats,
fastened by hinges to a
steel ring. As the rotational
velocity of the roter in-
creased, flyweights on the
inner portion of the blades
pushed them parallel to
the wind, shaping the rotor
like a bottomless basket.

Unfortunately, the

1

hinged rotor, though effec-
tive, had a relatively large
number ©f moving joints
and pivots which tended to
be a maintenance problem.

Other inventors experi-
mented with and develop-
ed a “solid” rotor windmill,
with biades firmly fastened
to & hoop.

Speed control was
managed by offsetting the
center of the wind wheel
from the tower top and us-
ing a vane-and-spring ar-
rangement to turn the
wheel sideways io the
wind if conditions war-
ranted. Because of its
simpler construction, this
new design became the in-
dustry standard and is still
being produced,

Between 1880 and 1935,
an estimatsd B%: million



windmills were sold in the
United States. Strong sales
continued until the 1950s.
During their peak use in
the 1830s, these mills pro-
duced energy equivalent to
1 Billien kWh per year.

The completion of rural

electrification programs
and the low electricity
prices of the 1960= con-
tributed to the decline of
water-pumping windmills.
Electric motors were lass
expensive to operate and
less fickle than wind-
driven pumps. By the late
1970s, only two major man-
ufacturers of water-
pumping windmills were
still in business.

Electrical
Generating Windmills

In 1860, Moses Farmer
patented a device he
thought had tremendous
sales potential. His inven-
tion, which converted wind
power into electricity, was
viewed as an interesting
novelty.

Linfartunately, the world
had no use for electricity in
1880, and Farmer's novelty
was 30 years ahead of the
time when a general
market for its product
would appear.

In 1882, the world's first
electric wtility began
operating in London. A few
months later, parts of New
York City were electrified.
Tha Edizon Electric |-
luminating Company,
Topeka, Kansas, was
organized in 1885. When it
went into operation in
1887, it had 110 customers.

In 1886, George West-
inghouse and William
Stanley demonstrated the
practicality of long-dis-
tance transmission of elec-
tricity by use of alternating
current (AC). Since cities
had dense enough popula-
tlens to pay for the
distribution system, most
urban areas enjoyed the
convenience of electric
power by the first decade
of the twentieth century.

But, at that time it was
very expensive to dis-
tribute power where users
were far apart, and utility
companies- refused to ex-
tend their lines toc serve
lower population densities.

One response was the
of electric

development

AN
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distribution cooperatives;
another was the devel-
opment of electricity-gen-
egrating windmills. Both
responses brought rural
residents labor-saving
electric motors, lights, and
the luxury of radic.

Some of the first wind-
generators were con-
structed by modifying exis-
ting water-pumping wind-
mills. Although they were
inegfficient, the old wind-
mills were easily ob-
tainable and the required
alterations were well
within the ability of most
machinists and farmers.

Experiences with dif-
ferent types of blades
began to show two or three

A

I

s

i : N
i ey . e ; Iy - 23k
R B s A

Figura 1. Halliday windmill out of sall. The first widely succassful
dasign, Danlél Halliday's hinged rotor was made of wooden slats
fastened to a steal ring by hinges. As the rotational velocity increas-
ad, Thywaights pushed the slais parallel to the wind, shaping iha

rotor lika 8 botomiess baskal.
2



blades with an asrodynam:-
ic shape rotating at high
spead delivered more
power for electrical
generation.

Wwith fewer blades, less
material was needed for
the same capacity, so the
cost-per-watt was reduced.
As a rasult, new types of
wind generators beagan to
replace the modified water
pumpers.

All early wind-driven
generators produced
direct current (DC) elec-
tricity, and most relied on
batteries for storage dur-
ing calm spells. While
typical generators were 12
volts, with a peak capacity
of about 2,500 watts, ex-

perience with the real,
sometimes hostile, envir
onment led to many dif-
ferent modifications to ex-
tend lifetimes and reduce
maintenance problems.

Although the generators
were useful for lights and
radics, their ability to drive
devices requiring large
amounts of power was
limited.

In 1935, Congress,
recognizing electricity’s
ability to increase farm
productivity, established
the Rural Electrification

Administration (REA). Con-
gress Intended the REA to
finance the local develop-
ment of power distribution
groups.

Figure 2. A solid rotor windmill, By simplitying Halliday's design,
this typa windmill quickly became the waterpumping industry’s
standard product, and iz stlll common today.

i

After World War I, wind-
driven generators were
relegated to extremely
remote locations, or to the
few independents who
refused to rely on anyocne
glse for power. Even in
rural areas, large central
generation became the
main source of electrical
pOWEr.

Recently, however, new
considerations have
started affecting the
generation of electricity.
Constructing new and
large central plants has
become very expensive,
and the farther a user is
from the plant, the greater
the line loss. Fuels are
much more axpensive and
their use causes environ-
mental consequences pre-
viously ignored.

To overcome these
financial and environmen-
tal problems, two ap-
proaches are being con-
sidered. One is conserva-
tion and the prudent use of
existing energy resources.

The other is a new look
at renewable energy re-
gsources, Wind is one of
thesa resources.

Glossary

Like any specific subject
matter, “wind energy” has
developed a specialized
vocabulary. Wind energy
specialists and research-
ers talk (and write) about
torque, valocity, WECS and
Ohms as casually as most
of us discuss our daily
wardrobe,

in order to ald you in
using this handbook more



effectively, the following
glossary of common wind
enargy words has been
compiled.

WECS: A common acro-
nym for a wind-driven gen-
erater is WEGCS, (Wind
Energy Conversion Svys-
temn} and the term will be
used In this handhbook. In
other literature, the reader
may find the term SWECS,
(Small Wind Energy Con-
version System). This se-
cond term is not necessary
here since the smaller
machines are the focus of
this book,.

ENGLISH (Metrie): Units
will be given in both
English and metric values,
Persons interested in wind
systems become familiar
with both systems, since
needed information comes
from a variety of sources,
much of it gathered by
others for other reasons.
(For example, weather data
gathered at airports is for
air traved, not power pro-
duction}.

LINEAR MEASURE: Lin-
ear measure will be given
in English units, as feet or
miles, with the equivalent
metric value given in
parenthezes. For example,
5 ft. {1.52 m), where “ft."
stands for feet and “m"
stands for meters. The con-
tinued reference to meters
{10 m), i5 one exception to
the English unit rule. Much
wingd data is gathered at
this international heighi
and restating the figure as
32.8 ft. {10 m} s awkward.
For conversion:

Multiply feet by .3048 to
obtain meters.

Multiply meters by 3.281

Electric Clathes

to obtain feet. Dryer 5.5 KW
Pivide {eet by 5,280 to Bicycle Generator 3w
obtain miles.

Austomobile

Generator 1 kW

VELOCHTY: Velocities
will ke usually pgiven in
miies per hour, foliowed
parenthatically by meters
per second, or mi/hr {mfs).
Sometimes, velactty  will
be given as feat per se-
cond, i.e, fps. Qcoccasion-
ally, velocity will be given
as knots. For conversion:

Multipiy mifhr by 4470 to
obiain mis.

Mulitipiy mis by 2.237 10
obiain mihr.

Multiply mis by 3.281 4o
abiain tps.

Multiply mihr by 1.467 {0
obtain fps.

Multiply knots by 1.15 to
abtaln mihr.

WATTS: Units of etec-
trical power are watts. 1t's
the rate at which work is
done, or energy trans-
formed. This unit gives the
eleciricat demand of an ap-
pliance or the capacity of
an electrical generator, A
kilowatt (kW) is 1,000 watts
(100C W and a MegaWatt
MW is a million watts, or
1,000 kilowatis, Some ex-
amples of the electirical
demands for appliances
gnd the production
capabilities of generators
ara:

100 W Light Bulb 100w
Color TV Set 200 W
Central Air

Conditioner S5.0:W
Electric Range 12 KW

{all burmmers and oven on)

Contempaorary Gentral
Electric

Plant SO0 to 1500 MW

The avarage electrical
power demand for a house
with gas or other non-
electric heat is about 1 kKW.

Remember, this average
value will vary greatly. Dur-
ing the day, if cooking and
clothes drying are being
done at the same lime, the
demand wouild be 10 1o 15
kWw. However, during the
night the demand might
drop as low as the few
watts needed to keep
clocks running. For an all-
electric house, the demand
would usually be higher,
perhaps 1.5 kW on the
average.

The WECS considered
here have sizes ranging
from about 1-200 KW. The
smallest would have
blades about 5 . {1.b m)
long: the largest blades
would be about 50 ft. (15.2
m} long. For power density
conversions: divide Wim2
hy 10.76 to obtain WiH2.

Since both are measures
of work, watts can be “con-
verted"” to horsepower, and
vice versa. Muitiply hp by
745 to obtain watts. Divide
watts by 746 {o obiain hp.

Volts: Voltage is “pres-
sute” or the electromotive
force along a conductor,
(“E" in the formula used in
this boak.)



Amperes: Ampere is a
measure of the quantity of
slectricity flowing, or cur-

rent. (1" in the formula us- -

ed in this bock.}

Chms: Ohm is tha resis-
tance, or opposition, to the
flow of elactrical current.
“A'" in the farmula:
E=1x A: Volts = Amperes
x Ohms

K'Wh: Energy is
measured in Kitowatt haurs

Three types of energy
are commoniy derived
from wind-driven ma-
chines: mechanical, elec-
trical and thermal.

Farm water-pumping
windmills are good ex-
amples of mechanical
systams. The Wind Energy
Conversion Systems
(WECS) which electrified
farms before rural elec-
trification ilustrate the
electricity production.
And, more recently, wind
machines directly convert-
ing wind energy to heat
have been made.

The smazller electricity-
producing WECS are the
machines to be analyzed in
this bock. A wide variety of
wind machines types and
styvles exists.

Typically, a wind-driven-
generator system has Six

(kWh), the use of ane kKW
for one hour. For example,
the clothes dryer listed
above would uze 5.5 KWh
of energy if it were run for
one hour.

A monthly utility bHill
from the electric utility will
list the number of kWh us-
ed during the hilling
period. The typical house
with a 1 kW average de-
mand uses 720 kWh per
monih. ldentifying the

monthly use of electric
energy (in kWh) is an im-
portant element in the
selection of a WECS.

Torque: Torgue is ihe
force making, or trying to
make, something rotate.
Measured as foot-pounds,
it's the force of one pound
pushing cne foot from the
center of tolation, say a
one-pound force one oot
out from an axle.

Chapter One:

Wind Machines

important components or
sub-systems.

A roptor, turned by the
wind, takes energy from
the wind. A transmissicn
may be used to match the
rotor's speed 1o that need-
ed by the generator. A
generator converts  rota-
tional energy into electrici-
ty.

A speed Or power con-
trot limits power at higher
wind speeds and “turns
off'" the rotor when wind
speeds arg ioo high for
safe operation or too low
for efficient cperation. A
tower is required to safely
anchor the rotor in the
windstream. And, finally,
there's the electrical
distribution system, with
its switches and means of
using {or storing) the elec-
fricity produced. While
ather features may be pre-
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sent on a paricular wind-
driven machine, ail WECS
share these common ele-
ments.

The Rator

The rotor transforms the
wind's energy into rola-
tional energy in a spinning
shaft. The area swepl by
the rotor determines how
much power can be £x-
tracted from the wind.

For instance, the iwo-
bladed rotor shown in
Figure 3 has a blade
diameter of 12 . (3.66 m),
and thus a swept area of
112 12 (10.5 m2). Chapter
two’'s Calculations shows
that, with a 25 mifhr wind
speed, there are 78.4 walts
in each square foot area
{8436 Wm2). So at 25
mifhr, there are about 8.86
KW of power in 113 f12(10.5
m).



A “perfect” rotor could
convert 52 percent of this
power into mechanical
energy, or 5.25 kW.
{Bevond this 59.3 percent
limit derived from
aerodynamic theory, there
would be no “wind’ behind
the rotor, and it would
s100.)

A “practical’ rotor might
convert on the average an-
ly about 25 percent of the
available energy. Continu-
ing the example, 8.86
kW x 25 percent =2.22 KW.
A 25 mifhr wind speed (11.2
mis} is & common rating
point for a WECS, so it
would be reasconable to
market this machine as a2 2
kW WECS. Remember: a
WECS® output rating must
include the rating wind-
speed.

Table 1 lists output
power for a range of wind
speeds and rotor sizes.
The lable’s walues were
czlculated assuming the
rotor could extract 25 per-
cent of the wind's power.

Rotors are designed fo
be most effictent at a par-
ticular wind speed, and
don't work as well at other
wind speeds. The table is
apnroximate and a specific
rotor might obtain maore or
less power than that
shown. The table ii-
lustrates the general way
in which increasing rotor
diameter increases output
{in the same wind}, or how
increasing wind-speed in-
creases power from the
same rofor,

Lift or Drag

A rotor may be classified

4}

7Figure 3. Rotor Nomenclature.

Diameter

‘Hub

‘Root

‘Outer
Third

Diameter: 12 fi. {3.66 m}
Swept Area:
Ouies-third Area:

113 8 (30.5 n¥)
63 ft* {5.8 m?¥)

as either a 1ift- or a drag-

type device.

The lift-type rotor will
empioy a member with an
airfoil cross-section,
creating low pressure on
one side of the blade to
draw H forward. A drag-
type rotor's  biade,
however, is merely pushed
by the wind's force. its
aerodynamic efficiency is
exiremely low. {See Figure

Of the two types, the Lift
rotor is the most efficient
in terms of power, and is
better suited for electricity
generatton. For mechani-
cal apgplication, a drag
rotor at low speeds may be
the best choice, since it
usually provides hetter
starting torque. The rotors
for the calculations in
Table 1 were assumed to
be lift-iypes.

Horizontal or
Vertical Axis

WECS rotors are also
classified as having either
a horizontal axis or a ver
tical axis. A harizontal-axis
machine (HAWT for
Horizontal Axis Wind Tur

&

hine}' has its rotor shaft

paralie! {0 the sarth's sur-
face; a wvertical-axis
machine’s rotor shaft
(VAWT for WVertical Axis
Wind Turbing) is at right
angles to the earth’'s sur-
face (See Figures 5 and &)

HAWT

The horizontal-axis wind
machine is the most famil-
lar type. Very efficient and
easily mountaed on iall
towers, they've been used

for many years.

However, despite their
apparent popularity, the
machines do have some
deficiencies. One “disad-
vantage” is the require-
ment of either mounting
the generator on top of the
tower, or devising some
sori  of right-angle
transmission with a iong
shaft t0o a ground-level
generator.

A second disadvantage
is the necessity of aligning
the machine with the wind
either “upwind” or “down-
wind,” as in Figures 7 and
8. A tail {or other mech-
anism) holds the rotor on
the tower's upwind side for




the first type, while wind
pressure blows the rotor to
the tower's downwind side
for the second type.

VAWT

in contrast 10 the HAWT,
the vertical-axis machine
can accept the wind from
any direction, and its
generator can be located at
the base of the rotor, close
to the ground. The *disad-
vantage” of the VAWT is
that it tends to be a little

Figure 4. Aotor Cross Sections.

fegs efficient than its
harizonial-axis counter-
part.

There are three common
vertical-axis machinas: the
Darrieus, The Giromill and
the Savonius.

Darrieus blades {Figure
9) are curved in the shape
of a spinning rope or tro-
poskien; this natural shape
reduces the stress in the
blades.

The Giromill {Figure 18}

Drag

on Tower

]

has straight blades to im-
prove the rotor's efficien-
cy, and the bilade pitch
angle varies as the blades
rotate.

The Savonius is a drag
cevice, a favorite for sim-
ple applications. it can be
easily constructed by split-
ting an oil drum in half and
offsetting the halves about
a vertical axis. A Savonius
machine with more
serodynmamically
sophisticated rotors than
split il drums can be built.

Yy

——{Ganerator
Turning
Force
Tower
Lift Type Drag Type
{(Savonius)
Table 1. Estimated WECS Power Output {in kW at 25% rotor efficlency)
Rotor diameter In feat .
Wind Speed
{mithr) 10 12 Y 16 20 25 30
1D i ] a4 A8 24 38 54 B4
15 .32 A5 B2 1 13 20 23
20 J5 1.1 15 1.9 3.0 g 6.4
25 1.5 21 2y iz 59 92 13
30 25 =F 5.0 55 1% 16 3
a5 4.0 58 FL ) 10 16 25 38




A wind maching needs
to be mounted on a ower.
Uszually the rotor should be
as high into the wind-
stream as possible.

Because some vertical-
axis WECS require guy
wires from the top of the
machine, mounting them
iz more difficult than
mounting their horizontal-

axis counterparts. Typical-
ly, vertical-axis machines
require larger guyed areas,
or more complicated sup-
port structures, than
horizontal-axis machines,

Number of Elades

One or many blades may
be used in a rotor. Aerody-
namic theory indicates the

fewer the blades, the mare
efficient the rotor.

A rotor with a single
blade would be most effi-
cient; however, one blade
puts an unbalanced me-
chanical stress on the
windmill and is seldom
used.

& two-bladed rotor has
better balance, but still
produces torgue fluctua-
tions, These fluctuaticns
can be reduced If three of
more blades are used. The
rotar costs a little more,
but the WECS runs
smoother and lasts longer.

A larger number of
blades produces more
starting torque, important
in some applications. For
example, the multi-bladed
water-pumping wh-:hrgl;l:a
not aerodynam )
anm but has good
starting torque and can
easily pump water when a
two- or three-bladed rotor
wouldn't start.

Blade pitch, the angle
batween the blade and the
plane of rotation, is an im-
portant rotor characteris-
tic. (See Figure 12)

For most rotor hbm':hu
shapes with low pitc -
ciency will be high, but
starting torque low. With a
large pitch angle, the op-
posite is true.

Most WECS used fo
generate electricity don’t
need high starting torques,
and use pitch angles of
about 3 to B degrees.

A twisted blade has high



pitch near its root, or inner-
most part of the blade, and
gradually changes to a low

pitch at its tip. It's more ef-

ficient than a straight
blade, and will produce
more enargy.

For applications where
starting torque is Impor-
tant, the twisted blade pro-
duces more starting power
than its straight counter-

part.

However, the twisted
blade is more ditficult (and
more costly) to manufac-
ture, so in a trade-off bet-
ween rotor efficiency and
cost, many smaller WECS
use straight blades.

The most productive
portion of the horizontal-
axis rotor is its outer one-
third. As shown in Figure 3,
this outer third sweeps
over more than half (53%)
ihe rotor area.

The inner two-thirds has
a smaller area, and its per-
formance is partially spoil-
ed by the wind interference
of the hub and generator
housing.

For this reason, a HAWT
with a straight blade and
even a very poor airfoil
shape near its root can be
nearly as good as a very so-
phisticated rotoer — if the
simple rotor has a smooth
airfoil, no wind inter-
terence and proper pitch
angle over the outer part of
the blada.

Some wind machines
employ a mechanism to
vary the pitch in response
to wind speed. With pitch
change, rotor efficiency

can be slightly increased,
but only at the price of ad-
ditional cost and mainte-
nance.

Reducing the rotor
power output at high wind
speeds to protect the
machine is the real value of

i
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variable pitch. This subject
is discussed more fully
under speed and power
controls.

RotorlGenerator
Transmission

Asrodynamic theory dic-

ure 8. A down-wind windmilil. In a down-wind dezign, the wind
and then the rotor. No tail vane is

w 5
S50 8 or alecirical brake is neaded 1o shut off the



tates a rotor's tip should
go through the air at about
four to eight times the
speed of the wind.

Thus, a 14 ft. (4.27 m)
diameter rotor in a 25 mi/hr
{11.2 m/s) wind should spin
between 200-400 revolu-
tions per minute (rpm),
while a 200 ft. (61.0 m)
diameter rotor on a large
WECS should spin bet-
ween 14-28 rpm.

However, generators
(particularly the AC type)
are usually designed to
spin at speads of
1,200-1,800 rpm. Therefore,
a transmission of some
kind must usually be used
to match the low rotor
speed to the higher speeds
needed by the generator.
These transmissions are
an integral part of many
WECS.

Some DC generators can
run at low speeds and con-
nect 1o the rotor without a
transmission. This reduces
the cost, complexity and
maintenance requirements
of the WECS.

Genarators and the
Electrical System

Electricity iz used in one
of two forms: alternating
curment [(AC) or direct cur-
rent (DC).

Most utilities produce
AC electricity, while some
industries and institutions
and a few utilities use DC
electricity. Transformers
can easily change AC
voltage, helping transmis-
sion from the utility to the
power user, while DC
voltage is more difficult to

i

¥ '
Figure 3. The Darmieus WECS. The blades of this vertical-axls wind

machine are curved in the shape of a spinning rope or troposkien to
reduca stress.

transform. While DC power
can easily be stored in bat-
teries, it's very difficult to
store AC power.

Wind generators are
available to produce either
AC or DC energy.

Stand-Alone or
Parallel

A wind machine pro-
viding electricity can either
stand alone or operate in
parallel with central sta-
tion power.

In a stand-alone system,
there’'s no connection to
the alectric utility, and bat-
tery storage is usually re-
quired to provide energy
during calm spells and for
peak load conditions.

A parallel
system

generating
typically draws

kL1

some power from the utili-
ty to control the output, or
when the windmill output
is insufficient for the de-
mand.

If the wind machine
generates excess power, it
may be sold to the utility.
In effect, the wtility grid
becomes the “storage" for
the wind-driven parallel
generator; a WEGS owner
“deposits” excess elec-
tricity with the utility to be
“drawn out” at a future
time, The essential storage
is the fuel not used at
some generating plant
when excess WECS elec-
tricity is fed back into the
grid.

Stand-Alone
A stand-alone system is

usually used whare wtility
service is unavailable, or



Figure 10. The Giromill WECS. This VAWT s straight blades imp

tha afficiancy of its rotor. The blade plich angle varies as the blades

where it's 100 expensive 1o
run an electrical line to the
location. It's usually eco-
nomically impractical to
make customers complete-
ly independent of their
utilities if they already
have the service. But, for
some people, the value of
independance from the
electrical utility overcomes
conventional economics.

A DC WEGS (using
either a DC generator or an
AC generator with a rec-
tifier) is wused in most
stand-alone systems, and
batteries are installed for
storage.

if all
devices (lights, TV, etc.) at
the location can run an DG,
the wind system is com-
plete. However, if AGC is
desired, an inverter is also
installed to make the need-
ed change.

the electrical

EBecause batteries and,
possibly, an inverter must
be purchased inm addition to
the WECS, the stand-alone
system is relatively expen-
sive,

In addition, the storage
and conversion process is
somewhat inefficient, as
some power is lost in the
invarter if the DGCao-AC
conversion s mada.

The size of the WECS to
be installed depends upon
the average power demand
at the location, the inverter
efficiency and the wind
characteristics,

Battery capacity de-
pends upon the length of
the calm spell the user
wishes to get through
without the loss of power,
andior the amount and
cost of the back-up power

1

production, such as from a
diesel- or gas-anginad
genarator.

These factors make
specifying a stand-alone
system rather difficult.

The best residential ap-
plication is probably for a
house specifically design-
ad to use very little energy,
such as an earth-sheltered
home, or a well-insulated
structure wusing natural
daylighting and proper
control of solar thermal
gain. In such cases, less
battery storage and wind
machine capacity is need-
ed.

In addition to its residan-
tial application, stand-
alone functions include
billboard lighting, remote
transmitting stations
andior applications requir-
ing DC electricity.

Parallal

Parallel generation is
done in concert with elec-
trical wtility. If the wind
generator isn't supplying
enough power for the
house or business where
It's being wused, the
necessary extra power is
drawn from the utility. If
the wind generator Is pro-
ducing extra power, the ex-
cess s sent back to the
utility.

This type storage is
usually cheaper and more
efficient (from the WECS
owner's point of view) than
batteries. It's the reason
parallel generation is more
attractive than an effort to
maintain complete in-



dependence from the wtili-
ty.

With parallel generation
and the proper switching,
output cables from the
WECS connect directly in-
to the home wiring system.
The power always goes in
the proper direction, either
into the home system or
back to tha utility, and no
expensive equipment s
neaded to direct the power
on its way (aside from the
switching, safety, meters
and other operating re-
quirements). Always check
with the electric power
supplier prior to Installing
a WECS connected to the
electric utility.

ACIDC

Direct current is produc-
ed in the typical stand-

alone system. The WECS
generator in a parallel
system may be AC or DC.

DC is converted to AC
before connection to the
utility, But, whether con-
verted from DC or produc-
ed directly as AC, the
parallel-generated power
must be compatible with
the utility. That is, it must
be at the correct frequency
and voltage to match that
of the utility, and in phase
or synchronous.

A synchronous inverter
converts the DC power {0
AC, and automaftically
monitors the utility fre-
quency to produce the cor-
rect frequency AC. The in-
varter's AC output can
then be directly connected
to the electrical system of
the residence or business

Figure 11. The Savonius WECS. The Savonius VAWT is a drag
devica, often favored for simple applications. While carefully
crafted (and expensive) commercial models are available, a
Savonius can also be made by splitting an oil drum and olfsetting

the halves about a vertical axis.
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{with the proper safety,
metering and switching
devices).

Tests have demonstra-
ted DC power, with a pro-
per match between the
WEGCS and the inverter, can
be converted to AC power
with an efficiency of 80-85
percent.

However, since an incor-
rect match can result In
very poor efficiency, it's
important to be certain the
WECS is designed to run
with a particular converter
when purchasing this type
of system.

For example, a WECS
designed for a stand-alone
application, won't
necessarily run well with a
synchronous inverter in
parallel generation.

The advantages of the
DC type of system are that
its generator can be quite
simple and its rotor can
change speed in response
to changes in wind speead.
Disadvantages are the ex-
tra cost of the inverter and
its “waste" of some power
in the DC-AC conversion.

WECS with AC syn-
chronous or induction gen-
egrators have their outputs
directly connected to the
utility grid.

A synchronous genera-
tor is run at a controlled
speed, so its output fre-
quency matches the
utility’s. To begin opera-
tion, the generator must be
brought to the proper
speed and synchronized
with the utility grid before
it's electrically connected.



This requires a fairly so-
phistiicated confrol sys-
tem.

An induction generator
can run as a motor, then
become a generator when
forced above its normal
running speed. It always
puts out the correct fre-
quency, even though its ro-
tational speed may vary
slightly as wind speed
changes,

For these reascns, the
induction generztor is the
“popular” small WECS
generater. Its control
system is very simple,
disconnact the system dur-
ing light winds so it
doesn't use “‘outiside™
energy by running as &
motar.

Cornpared to the syn-
chronous generator, the in-
duction generator has the
advantage of simplicity.
Mowever, Its disadvan-
tages include its inability
to generaie electricity of
quite the same high quality
(power factor) and a lower
efflciency.

While at thls time, the
power facior isn't an issue
for small wind-machines,
the situation may well
change if many units are
installed on a particular
utility system.

Eleciric power to a
residence is usuaily single-
phase, while power {0 2
larger business or com-
mercial institution is three-
phase. The single-phase
AC WECS are only avail-
able in less-than-26 KW
sizes. Larger WECS may
have three-phase outputs.

Speed and Power Conirol

A wind energy system’s
electrical output is limited
by lts generator's electrical
capacity.

The term, "rated capacl
ty,” ie used to specify the
maximum power that can
safely be generated
without damaging the
system. This rated output
ocours at a specific wind
speed and is usually called
the rated wind-speed.

If no contrel is used
when the wind exceeds the
machine's rated wind-
speed, its rotor may pro-
duce more power than its
generater can handle and
the generator will overheat.

The control mechanism
prevents this damage. It
also reduces the tendency
for tower failure in high
winds.

Figure 12. Roter Blade Pilch.
Blade Angle

Blade _
Velocity

Generator
Shait

» b
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Changing the rotor pitch
and turning the roter out of
the wind are two common
control methods of reduc-
ing power at high wind-
speeds,

Changing rotar pitch is
used to reduce the rotor's
performance. In bhigh
winds, the pitch angle 15 in-
creased to lower rolor per-
formance enough to pre
vent overioading the gener-
ator. When winds subside,
the pitch returns to its nor-
mal high-performance
angle. The pitch- changing
mechanism can either be
mechanical or electrical.

Turning the roter out of
the wind reduces power by
reducing the rotar's effec-
tive sweep area. The rotor
can be turned by displac-
ing the rotor shaft from &
pivot and holding the rotor
in position with a spring.
The wind force on the rotor
works against this spring
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Figure 13, Free-standing WECS

tower. Fres-slanding lowers need

no supporting guy wires, use litfle space and are usually more ex
pensive than guyed towers. They can be constructed ol steel (or
wooden) poles or metal frameworks.

and, as wind spead in-
creases, the force will in-
crease and turn the rotor,
reducing its projected area
and power output.

Above a specified wind
speed, called the cut-out
speed, operation becomes
too dangerous for many
WECS, and the system
must be shut down.

This can be done with an
electrically activated
brake, or the WECS can
completely turn out of the
wind. When the wind slows
to safe operating speeds,
;;-nnal operation is resum-

Another type of WECS
control unrelated to power
control, is Intended to
keep the rotor from wildly
spinning to destruction.

If a tranasmission shaft

breaks, or the brake fails or
utility power fails, the rotor
no longer has its work load
and will spin uncontrolled.

If rotor speeds increase
beyond a safe design rate,
the rotor can be complete-
Iy destroyed.

In these cases, an aero-
dynamic brake on the rotor
will protect it. A brake may
change blade pitch or be a
device on the blade back or
tip which bends to add
drag at overspeeds.

These backup devices
provide almost fail-safe
protection against severe
damage to the whole
WECS. Experience in-
dicates it to be a worth-
while feature.

Towers

Wind speed increases
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with height. Therefore, it's
desirable to place the wind
generator as high as possi-
ble. Several tower types
are available, all with a
common characteristic: ex-
tra height increases cost.

Free-Standing or Guyed

There are two types of
commaonly available
towers; free-standing and
guyed. While the free-
standing tower has no sup-
porting guy wires, and
uses less space, it's usual-
ly more expensive than
guyed counterparts. Free-
standing towers may be
constructed from steel
poles, such as used for
large street lights, or from
a metal framework typical
of some radio and TV
towers (Figure 13). Short
free-standing towers can
be made from wood, such
as a wood utility pole.

Since a guyed tower is
unable to withstand the
wind by itself, one or more
sets of guywires ancher it.
The tower may be a steal
pole, pipe, a metal
framework, or wooden utili-
ty pole. The guy wires are
usually steel cable.

In guyed-tower construc-
tion, the tower supports
the wind machine's
weight, while the guy wires

provide resistance to
sideways stress. (See
Figure 14.)

While free-standing
towers are used where
space is limited, their
guyed counterparts are
usually emploved where
there's room around the
tower to anchor the guy



lines. In particular, the
generally larged guyed-
area of the wertical-axis
WECS is an issue in siting
this type of machine.

While towers made
specifically for WECS are
available, the choice
depends partly on what's
locally available and the
ovearall economics.

Dangers

There are three in-
stances in which a wind
machine can be danger-
ous: when blades are
thrown, when ice from the
blades is thrown or when
the tower collapses.

It's expected each
WECS will be designed so
its blades will never be
lost. lce buildup tends to
slow the rotor and limit the
ice throw radius. Waiting
until the ice has cleared
before resuming power
production is a recom-

mendead
cedure.

operating pro-

Correctly designing the
tower minimizes the third
danger. It must be capable
of withstanding strong
winds under two circum-
stances.

First, the tower must
withstand wind pressure
when the rotor is turning. A
spinning rotor presents a
large tive area to the
wind, so a considerable
sideways force is placed
on the tower. The tower
must withstand this force

T DR

at the highest
wind speed.

While the WECS may be
shut down or turned out of
the wind at higher wind
speeds, the rotor, the
WECS housing and the
tower itzelf still present a
considerable area.

operating

The tower should at
least withstand winds up
to about 100 mifhr (with the
WECS in place, but shut
down), although local
building codes may
specify different wind

speeds.

Figure 14. Guyed WECS lower. Guyed howars neeo one or morms seis
of guy wires to anchor themsalves against the wind. 'While the tower
may be a steel or wooden pole, metal framework or pipe, the guy

wires are usually sisal sabile,
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Chapter Two:

North Dakota Winds

Atmaspheric winds are
the resuli of two separate
forces.

Pressure gradients, pro-
duced by uneven solar
heating, acceierata the air.
The rotation of the earth
also produces an  addi
tional, but separate, ac-
celeration on the meoving
air. The action of these two
forces creates wind.

While this explanation is
simpler than wind analysis,
it does provide the basic
reason - for atmospheric
motion. The principal re-
sult of the winds is the
transfer of atmospheric
energy to offset the effects
of uneven soiar heating.

Any substance in motion
has kinetic energy; some
of the wind's Kinetic
energy can be extracted.
The relationshlp describ-
ing power density per unit
area in the wind Ts:

Power =
air density x wind speed3

z
or, P=(pV3)2

Air density is determin-
ed by temperature and
barometric pressure, both

of which can change from
day-to-day and with the
wind generaior site's
elevatian.

Air density and, thus,
wind power can vary 10-15
percent during the year. Air
density at 2,500 feet is
about 8 percent less than
at sea level. Since changes
in wind speed have a mugch
greater influence on power
outpatd, air density changes
are often not considered
when calculating wind
power. Using the standard
sea level density of 075
Ibift2 {(1.20 kg/m3) and a
wind speed of 25 milhr
{11.2 mfs), the power densi-
ty (in metric units) is:

p= {1.20011.2)2
2
= 843.6 Watts/Melar2
843

P=—— =73.35 Watis/Fi2
10.76

Thus, if the wind is blow-
ing at 25 mifhr, there are
slightly more than 78 watts
in sach square foot of air
perpendicular o the wind
direction.

Mo wind machine can ex-
tract all this power. The
theoretically “perfect”
wind machine extractis on-
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iy 59 percent of the total
power; practical windmilis
only 1540 percent.

Both air density and
wind speed contribute 1o
the wind’'s power, in other
words, the greater the alr
density, the greater the
wind power; as wind speed
increases, so does wind
power.

Within Norih Dakota,
there's a greater variation
in wind speed than in air
density, The power in the
wind varies with the third
power of wind speed, but
only the first power of den-
sity. When good wind sites
are sought, wind speed is
carefully considered, while
density variations are
usuzlly neglected.

Wind Speed Variaticn
Statewide

MNational wind assess-
ments always rank North
Dakota as one of the high
wind states. Map 1 il
lustrates state winds and
is drawn from material
prepared by the “Pacific
Northwest Laboratory,”
aperated by Battelle for the
Unpited Statesz Department
of Energy under contract
DE-ACOE-FERLTO 1830.



Map 1. North Dakota Annual Average Wind Power

200-250

200-250
wim?

wim?
A e 1
0 50 100 Miias 1 50 100 Kilometers

The contours on this
map give the average wind
power at 32.8 ft. (10 m} and
164 fi. (50 m) above level
ground with na nearby
obstructions. A height of
10 m is used because it's a
common international ret-
grance height for wind
speead.

As will be seen later, i1's
imporant to specify the
height at which data is
given. Any area with an
average wind-speed {at 1C
) greater than 12 mi/hr is
considered very windy.
Yet, there's a considerable
varition in average wind-
speed at points across the
state.

While Map 1 is the best
wind power map available

al pubiication, it shouldn’t
be considered definitive.

First, there's doubt
about the accuracy of the
ariginal wind-speed
readings. Second, the ane-
momeiers which measured
wind speed may not have
been well maintained and
may have been read inac-
curately at times. And
finally, the weather sta
tions are often widely
spaced, and wind speeds
between them must be es-
timated.

In additien to the
general variation in
average wind-power in Map
1, there are other factors
influencing average wind-
powet. The most important
of these for wind-energy
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applications are terrain,
height, time of year and
time of day.

Wind Speed Variation
With Height

The first 1,000 feet of the
atmosphere is called the
boundary layer. In this
layer, ground friction at-
fects the wind. The cioser
to the surface, the more
significant the frictional
forces slowing the wind.

All the data on average
wind speed presented in
Table 2 and Map 1 are ata
height of 10 m above
ground. Yel, since wind
machines are usually in-
stalled above that height,
it's necessary to estimate
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A EHEHEHHER 1 | | seventh power of height.
&
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El= the one-seventh power law
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THEHEEEHE E_E?:’g at which your wind speed
JE AR E R 3_5_ data was measured. Then,
g 2 = £ | | read across the top of the
ﬁ": gl s| E[ =8| e|=| EfF = table to the height at which
ii — | you expect to mount your
-4 wind machine, Finally,
S S B R B E|BLIEIEF read down to find the con-
version factor.
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B For example, if you
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] “B0 fi."” column.
eelele|e|z|z|c|slelg @
A The correction factor is
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b=l e L] S) W] k] &) b] & wind-zpeed at 50-foot
height is 13.0 milhrx1.06
=13.8 mi/hr. Mote: In this
Elg) B| 5| 8| &) 2| B| 5| = example, you were plann-
L ing to install your WECS on
: an unobstructed, level site.
Hiz) Bl £| B| ¥ 2| B| B| E|5 Data conversions for sites
2 with obstructions on less-
than-level ground are
ElElE| 2| =) =) &) 2| | 2| gf= presented in Chapter
= Three.
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Wind Speed Variation
With Season

Atthough wind power Is
almost the same for spring
and winter througbaout the
state, winter wind power is
slightly greater at laca-
tians in the norhern part
of the stzate, in the Cana.
dian Wind Corridor. Spring
has slightly greater wind
power throughout the rest
of the state, while summer
is the season of lowest
wind power throughout all
ot Morth Dakota.

During the winter, areas
in the northeastern part of
the state are subject to
periodic southward surges
of cold surface air from the
northern Canadian plains.
This phenomenon OCours
frequentiy during the
winter, when radiational
heal ioss from these plains
causes a shallow high
pressure system {0
develop, with a resulting
strong surface pressure
gradient,

Ouring the winter, the
state is subject to strong
wind storms of relatively
short duration. Such
storms <¢an occcur when
migratory low pressufe

systems originating on the
lee side of the Rocky
Mountains move through
this region to the north-
gast,

The surface pressure
gradient established s par-
ticularly strang when this
ocours in conjunction with
a surface high pressure
systemn over the Canadian
plains, as described
previously. Two or three
times each year this can
create blizzards.

Gonsequently, much of
the wind power in North
Dakota is the result of high
winds over short periods of
time. One study shows
that, during one January,
nearly 85 percent of the
total output of a 3-kW
generator at Grand Forks
pecurmed during a three.
day blizzard (Krueger,
1976). Although this is an
extreme example, this fact
must be considered in any
assessmant of the state’s
wind resources.

Wind Speed Variation
Daily

wind speeds vary can-
siderably during the day,
and for some applications,

Table 3. Wind Conversion Faclers for Height {in feed}

it may be important to
know these daily, or diur-
nal, variations,

Maximum wind values
agocur in the  afterncon,
around 2 p.m. Central Stan-
dard Time (C5T), while
minimum values eccur dur-
ing the early morning,
around 56 a.m.

The physical explana-
tion behind the maximum
and minimum wind speeds
is that the surface air
becaomes heated during
daylight hours and rises o
mix with the faster upper-
jevel winds. The surface air
is warmast during mid-
afternoon and, because of
the large vertical energy
transfer from the upper
tayer to the lower jayer, the
highest wind speeds occur
at this time,

During the evening
hours there's no solar
heating, so the surface
wind speed decreases,
with a mintmum occcurring
during the conlest hours of
garly maorning. As the sun
“rlses,” heating begins
and the cycle repeats.

Wind Speed Variation
From Year to Year

Wind-speed also varias

Hegtat At whech wind seeed i2 10 be ‘oung
Heght
&f which
wingd spapd | 20 25 A J2.8 35 an 45 & B ™ 100
g WP [ emb
F- 1) 1 143 1.08 97 103 1.1 1% 1.1% 14T 127 105 |
kLY AT 149 1433 1o T 10T 10 1.8 113 a7 1
3 R k) 14 14 107 104 14 1.08 1k LA L | ARL]
{10 m}3zA ] 57 6 xh 10 1m 103 105 ki 10 111 117
b k- S5 r | L] 14 ta 104 10 108 11% 1.8
il At L] g a7 hi] 10 182 1.03 16 104 114
a5 L L] K s ] a8 ] 19 1 14ek 108 112
E) 1] H 2l R R -] ar kL] 1m 1.3 1085 110
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Figure 15. Daily Average Wind Speeds (wintet)

from year to year; that is,
there are windy years and

— —~ — Bismarck calm years.
—===— Grand Farks
Far There’'s apparently ne
oo L
— — — Minot pattern to the variatian; the
N changes occur in arandom
—_ manner. The result is that,
vl o, even though the site's
6 f' ~ average wind-speed is
N known, its average wind-
/ AN speed during any par-
14 ’ X ticular year will probably
.11 1V P SE I I differ from this long-term
- o L P = average by up to 10 per-
' R /;, N ! cent.
g 12 — S e L R
£ N et } re: NN A gecond conssequence
E T —— e ’ v *w.-r_-_._“ of this variation is that a
= F4 ]
£ 40 E 3 large numper of years of
& ; ~ data is needed befors the
2 0 i actual longterm average
= L A ] can be estimated. These
8¢t —? Sms =y two factors make average
ity T ! wind-speed calculations
, difficult.
6 Wind Speed Velocity
Freguency Curve
i
Thus far in this chapter,
information has centered
Midnighi 4 4 Noan 4 8 wdrg | on  the 'average wind-
Central Standarg Time speed. _Tne spring months
show higher average wind
Table 4. Monthly Average Wind Speed {in milez per hour at 10 melers)
Years for
Aversge  WG1-12778  1248-7i64  GE11XTH  SE0-116E  12M4E12/54 &E21HTE 1248960 RAEP-1278
Month Bismarck Dickinson  Fargo Grand Forks Jamestown Minal Pembina  Wiiliston
January 101 145 130 128 13.0 14.8 152 18.7
February 0.7 145 12.8 128 130 14.3 138 12
March 1.2 15.2 144 1LE 14.1 143 13.0 15.4
Apeil 126 15.4 13.5 13.3 14.3 14,3 156 12.5
May 121 14.5 12.8 13.3 24 13.4 13.4 121
June 103 12.4 19 11 125 128 125 11.2
July ¥ ] 123 1140 g1 0.2 21 103 103
August 34 126 19 6 10.2 124 143 10.2
September 0.3 12.4 123 10.5 120 3.0 124 107
Qetober 105 134 13.0 11.5 13.0 3.4 152 114
Hovember 248 152 128 114 1286 130 134 103
December 103 14.3 123 125 11.4 iaa 121 113
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speads than other months,
and wind speeds are
typically higher in the
afternoon than at any other
time of the day.

Obviously, wind speed
can differ greatly froam the
average at any particular
time. Strong cold fronts
can produce 40 miflir north
winds at any time of day.
Thunderstorms produce
strong winds in the sum-
mer, while some spring
afterncons are completely
calm.

Thus, more than a tabie
of average wind speeds is
needed to describe the
wind. A velocity frequency
Table 3) is used to show
how wind apeed varies,

Wind Direction

Knowledge of the wind's
prevailing direction ¢an be
impartant when deciding
where to install a wind
machine. A wind *‘rose”
tefls the direction which
the wind tends to blow.

Figure 18 presents wind
roses for four sites in
North Dakota. The spikes
on each rose represent the
percentage of wind from
that direction (il.e. the
longer the spike, the
higher the percentage of
wind from that direction).

Turhulence

The final wind charac-
teristic to be considered is
turbulence {rapid changes
in wind speed and direg-
tion).

Because of ground fric-
tion forces and surface ob-

Figures 16 & 17. Annual Wind Speed Duration Curves {Rayleigh Dis.

tribution;
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structions, turbulence is
more savera near the
ground. It's hard on wind
machines; the stresses
from abrupt direction
changes strain the entire
structure.

For this reason, WECS
generally shouldn't be
mounted at less than 30
feat in height, even on an
unobstructed level site. If
large obstructions are pre-
sent, the machine should
be well above them.

Chapter Three:
Evaluating WECS Sites

If Morth Dakota was a
treeless plain, then Map 1
could be used, without cor-
rection, to determine
average wind speed for any
WECSE site.

However, many potential

Fargo 1948-1968

R (@) (&

A/ ik

Bismarck 1948-1974

ek

Minot 1948-1974

D ®

Dickinson 1948-1964

SO0

July

Figure 18. Wind roses for four North Dakola
cities. Each ring represents 5 percent of the 10
time. For example, April winds in Fargo blow 5%,
frem the north, in excess of 10 percent of the
time, bul blow from the south only 8 percenl.

U,

January Oelober Anmnual

April

Calm

It should be no surprise
the wind is affected by the
type terrain over which it
flows. A hill or other
obstruction will Impede
the wind, while a rough
surface will produce more

sites arent level andfor
unobstructed; they have
features nearby altering
the wind patierns. These
surrounding features must
be examined for their ef-
fect on wind spead.

S



Figure 19_ Potential Wind Turbuience Areas Around Buidings.

Wind

friction near the ground
than a smooih cne.

Far this reason, site
evaluation can be quite
complicated negar some
jandforms. Since North
Cakota terrain isn’t as
complex as that found in
some parts of the country,
this discussion will con-
sider only simpler tarrain,

Site evaluations can be
difficult. Map 2 divides
Maorth Dakola into zones
characterized by different
siopes and local redief.

The state's terrain varies
from eastern flat plains to
the southwestern hilly
plains and tablelands.

The highest relief is
found in the Badlands of
the Little Missouri River
and on the Missouri
Plateau in western North
Dakota. The elevation
generally increases
gradually from east to
wast, with steeper rises
along the Pembina and
Missouri Escarpments
{Map 2.

The general area bound-
ed apptoximateiy on the

Region of

Highly Disturbed Flow

— 2H

20H

west by the Missouri
Coteau and with a |ess
well-defined boundary east
of the Red River appears to
be signiflcant in channel-
ing the dense arctic air that
periodically pours
southward from Canada
toward lowa during the
winter.

Eastern North Dakota's
Red River Valley is bound-
ed on the west by the Fem-
bina Escarpment and has a
south-to-north decreass in
elgvation, with the Red
River flowing north to Hud-
son Bay.

Obstructions

Site evaluation tech-
niques over the smooth
and irregular plains (Map 2)
are fairly well defined.
Cbstructions and surface
roughness are the only
variables affecting the
wind flow.

On flat land the effect of
such obstructions as
buildings and trees is to {1)
siow the wind and {2} pre-
duce turbulence, Lower
wind-speeds mean the
WECS will procduce fess
energy. In addition, tur-

z

bulance wili stress the
machine anc probably
shorten its life.

The general ruie is very
clear — stay as far away
from cbstructions as pos-
sible.

Unfortunateiy, this rule
gives little concrete
guidance. How far away is
enough? Consider Figure
10. If a buiiding has a
height, “H,"” then the shad-
ed area Indicates the
region of highly disturbed
wind-flow, given the in-
dicated direction of the
wind.

The highly disturbed
region can extend upward
twice the building’s height,
downwind 20 times the
building’s height and up-
wind twice the building's
height.

While it's a good idea to
locate a wind machine out
of the turbulent regien, it’s
nof always possible, Tabie
5 can be used to aid in
locating wind sites; it
shows the wind speed
decrease and turbulence
inerease downwind of the
tiiding.



Map 2. Map of Land Surface Forms of Morth Dakota
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From wind rose infarma-
tion in Chapler Twa, it's
avident a site located eas)
or west of a building is bet-
ter than a site located
north or south, given the
predominate north-scuth
exiz of the state's winds.

It & building obstruction
can't be avolded, place the
WECS downwind of the

least-commoen wind direc-
tion to get the minimum
impact or consider mouwni-
ing i1 at least twice the
height of the obstruction.

Table 5 also generalizes
spaad dacreaze and turbuw-
lence Inerease for such
common obstructlicns as
shelterbelts and individual
traes. As it happens, the al-
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fact of shelterbelts on the
winds iz =similar to, Duf
evan more pronounced
than, the affect al bulld-
ings.

Wind can still be signif-
icantly affected as much
as 20 times the shalterbel
height downwing from a
shelterbelt. (Table No, 5 is
for wind speeds at about




Map 3. Geographic Map of North Dakota

TheeDoe# Acoasraln
Habcoml Memorial Park

1 |

Turtka
Mountaine

Bizmpage

the same helght above
ground as the shelterbelt.}
MNotice a shelterbell with
some porosity affects the
wingd
dense ana.

For exampla, at a
distance 10 times the
height downwind of a
20-percent porosity shel-
terbelt, the wind is only B0
percent o©f itz ariginal
velocity. With a (-percent
porosity (& solid barrier),
the wind speed 10 H dovan-
wind iz 85 percent of the
unobsiructed value.

At 5 H downwind, both
the 20-percent and
q0-parcant porosity
shelterbells affecl wind
speed tremsndously, and
markedty increass tur-
bulence. The affect of an

00 Milas 1 5

more than & very -

isolated trae is like that of
a buiiding, but often more
severe since the iree is
pPOrcus,

To summarize: stay out
of the influence of the
most prominent downwing
abstruction zones if possi-
bie. If you must locate
downwind from an
obstruction, try to have the
WECS al a height two or
three fimes the obstrug-
tion's height, or use Tabie
5 to estimate how much
wind speed is reduced.

To make this estimatian,
take the percentage of
time the site is downwind
fram a given direction (use
the wind rose in Figure 18
nearest your site If locai in-
formation isn't availabie)
and reduce the wind speed

5

100 Kilometars

by the percent given in
Table 5. Add all these ad-
justed directional wind-
speed=s to find the new
iotal wind-speed corrected
for ahsiructions,

The site should usually
be located upwind of the
pbstacle a distance of at
least twice the obstruc-
tion's height. It's not easy
to determine how far to the
side of an obstruction a
WECS should be placed.

I the obstruction is
more than 10 feet wide, the
WECS probably should be
placed at least twice the
abstruction’s width to the
side. Some guidance on
neggded side clearance is
indicated as "width of tur-
tulence” in the tree sec-
tion (Table 5).



Tabie 5. Effect of Building Shape on Wind Spead and Turbulence Dawnwind Distances {Imn Terms of Building Heights!
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Speed and Power Loss Downwind From Single Trees
i
Distance Downwind
{tn Tree Widths) 3 10 15 20 4|
Maximum parcent
i ; 4 3
Dense-foliage tree loss ot velocity ¢ ? ¢
{such as Colorado
Spruse) Maxirmoem percent
loss of power 44 25 17 13 L]
Maximum percent
Thin-toliage tree loss of velocily 16 ? 4 3 2
fsuch as a pine) Maximum percent
ioss of power a9 18 12 B G
Heighl of the lurbulent flow region
{in tree heights) 1.5 2.0 25 3.0 35
Width of turbulent flow region
{in tree widths) 15 0 2.5 30 3.0

In addition to wind
speed reduction, Table &
lists turbulence effects.
The amount of turbulence
— a sudden change in
wind speed and direction
— is proportional o the
wind speed and the
rcughness shape of the
terrain over which the wind
passes.

Turbulence creates
siress on the WECS which
usually shortens its life.
Experience has shown
WECS flocated close g
turbulence-creating ob-
structions may last only a

year or twe before some

type of mechanical failure
OCouts.

Theretore, consider tur-
bulence as well as wind
speed when selecting a
WECS site. The seiected
site probably shouldn™ in-
crease the turbulence
more than a few percent
above that occurring at
ground level. Table 5 gives
some quidznce on  the
distance the WECS should



be from obstructicns to
keep the turbulence low.

When coansidering tur-
bulence, don’t overlock the
obvious, In addition to
trees and buildings, terrain
such as steep clifis and
roliing hills can also cause
iurbulence.

Turbulence at a par-
ticular site can be estima-
led with a kite. Tie several
pieces of 4 {0 B-foot-long
ribbon to the kite string
and fly the kite.

Turbulence will cause
the kite and its ribbons to
fly erratically and flop
around excessively. If the
kite Hies asmocthiy and its
ribbons swirl arcund, it's
above the turbulence zone.
If it flies smoothly and its
ribbons fty straight in the
wind, turbulence probably
won't be a probiem.

Singe turbulence varies
with wind speed, weather
conditions and height,
there are several guide-
lines that must be followed
when using this procedure.

Fly the kite at or near the
maching's hub height. In
addition, it should be tiown
when the maximum tur-
bulence normally ocours
— a sunny and moderately
windy day. The prefermred
wind speed for flying the
kite is arcund 1520 mifhr, a
moderate but compElon
wind-speed.

Another method of
ohserving turbulence in-
valves using a large helium
filled balloon, with 4-fgot
sireamers attached to a

Ballocn
Smeaih

Airfiow

|_-_--——,_._."'_—'_:—__

Y%

W a

Tusbulent Ziraamer
Airflow ™ Linne Tethar

m Line
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Figure 20. A simpie method tar delecting turbulence. Streamers at-
iachked 1o a pole, kite ar balloen at 4-foot interyals will indicate how
high you'll have ta go wilh your {ower tg rise above lurhulence

caused by obstacles.

streamer line and an aux-
iliary tether line to hold the
hallpon in position (see
Figure 20}

When the above steps
are foliowed, a reasonable
estimation of site tur-
bellence can be made.

Surface Roughness

Friction from ground
resistance to wind flow 1s
the primary reason wind

speed increases with
height.
However, the rzte in-

crease varies with the sur-
face type. Each surface
has a diflerent roughness
and this in turn creates a
different speed-versus-
height relationship.

Figure 21 iltustratas
wind velocity profiles over
water and tall grass. Notice
how quickly the over-water
wind-speed increases with
height, comparad to that
over tall grass.

In fact, given equivalent
weather conditions, winds
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at 10 m over water are
twice as great as winds at
10 m over tall grass. The
water surface Is usually
smooth and impedes the
wind less than the greater
surface roughness of the
grass.

The annual average wind
power density in North
xakota is shown in Map 1.
{Average wind speed is
given in the accompanying
table). This analysis of
mean wind power applies
to terrain  features
favorably exposed to the
wihd.

However, nearby terrain
features may interact with
the wind field to cause the
wind power at sOme expos-
ed sites to vary as much as
+ 50-103 percent from the
vaiues shown in the figure.
From that assessment
vatue, sites with other sur-
face iype need to be ad-
justed.

Tabie 6 can be used to
adjust average wind-speed
with surface roughness.
The information needed o



use this table inciudes the
area's average wind-speed
at 10 m height (from Map 1
or other source), the type
of surface at the site
{average surface feature

within a mile of the site)"

and the anticipated WEGCS
mounting height.

For example, if you pian
to install a WECS on a BD
ft. tower, over an area
covered with scrub trees
and brush, with site wind-
speed (from Map 1, wind
speed given at 10 m} in &
13.4 mithr zong, you'll find
the surface factor for a
height of 60 feet with "tall
row crops or low woods™ 13
1.16.

The corrected wind
speed iz the 10 m wind
speed times the surface
factor or 13.4 mifhrx1.1&
=15.54 mph.

The surface cover to be
uysed with Table 6 is that
arcunad the site for about a
mile. Sometimes, there are
different surfaces around a
site, and a composite sur-
face must be estimated.
The roughness upwind of
the site is most important.

For examplie, if a site is
on the north edge of a take
about a mile across, the
surtace used to evaluate
wind speed for south
winds would be a water
surface, since the wind
wauldnt have had a
chance to change iis
characteristics before be-
ing intercepted by the wind
machine.

Since the surface to the
north of the WECS would
be different, the overall

average wing-speed could
be calculated using the
directional perceniage of
wind in the same manner
as correcting for obstruc-
tions. Multiply the wind's
directional percentage by
the average wind-speed by
the appropriate direciianal
surface factor. Adding
these figures will produce
the annual wind-speed cor-
rected for surface
reughness.

The Eftects of Hills
and Valleys

Siting in complex terrain
can be very complicated.
The average wind-spead,
aven on a hill top, can be
affected by several factors,
with the result it might not
be possible to accurately
estimate wind-speed with-

out a lopg-term mezsure-
ment procedure. If your
site is like any of the
following examples, try
these correction techni-
Ques:

if your site is an isolated
hill with a graduat slope, its

natural elevation can,
under certain circum-
stances, increase toweyd

height and place the WECS
in the higher wind zone.

For this to happen, the
hill has to have enough
siope to aliow the upper-
love| winds to pass un-
disturbed over the tops of
any surrounding hilis
{Figure 22}

If the slope (heightf
length} is greater than 1:20,
ie. a 5 percent slope, the
hiit's height doesn’t really

Figure 21. Wind Speed Over Tall Grass vs Water
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matter, When these condi-
tions are met, a simple ad-
dition of the hill and tower
heights will give a new ef-
fective wind bheight with
which to estimate ths
WECS wind speed.

Ground slope can be
estimated from United
States Department of the
Interior Geological Survey
Cuadrangie maps, avail-
abile from the State Water
Commission, Bismarck.

if your site is on a
gentler hill (Fig. 23}, with a
slope of less than 120, or
on a series of relling hills,
yOUu can rarely increase the
wind speed, since the
greund level for measuring

wind speed is already con-
sidered to be the peaks of
the hills.

Since additional -tur-
bulence may also occur
near rolling hills, tur
bulence measurement is
recommended if your site
is situated in such a loca-
tion.

A WECS wind speed
¢an be increased by plac-
ing it higher in the wind
stream, or by siting it an
certzin landforms, such as
hills or ridges, over which
wind speed is enhanced by
the aerodynamics of the
land itseif.

A% a classic example,

consider a long ridge, run-
ning east-west, as shown
in Figure 24,

It such a case, the wind
speed direclly above the
ridge crest will be greater
than the wind upstream of
the site by a factor
1+8=2xH/Il (H is ths
ridge’s height and L its
horirontal width from the
canter).

Far this effect to oceur,
the minimum hill height is
about 75 feet, and the hilt
or ridge's slope (H/L)
shoutld be 1:20-1:3.5, f.e.
520 percent slopes,

In addition, the ridge's

side should be =smooth,

Table 6. Exisapolalion af the Wind Speed from 30 f1 to Olher Haights over Flai Termain of Unilorm Roughness (3
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Figure 22. Isolated Hill Condilion.
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and the terrain for 1-2 miles
upwind should be smooih
and with no obstructions.

When such ridges are
identified, they can
become the sites of very
desirabie WECS.

While sites atop hilis are
desirable, siting in river
valleys or areas surround
ed by ridges or hills should
be recognized as potential
problem areas.

Periods of calm and light
winds often oc¢cur in
valleys during the evening
and early moming houts. In
deep valleys, winds have a
tendency to flow over
head, reducing the winds
on the valley floor.

Direct Measurement of
Arverags Wind-Spesd

If there's an unusual ter-
rain feature near the site,
or if the features are very
complex, making it dii-
ficult to use the rules
presented here, & dirsct
wingd speed measurement
can be made with an
anemormeter.

The best measurement
is obtained by installing
the anemometer at the
focation ang height being
considered for the WECS.
However, since it's expen-
sive to put up such a tall
tower just {0 house an
anemometer, it may be bet-
tar to mount the instru-
ment about 10 m high.

You can  buy an
anemometer with a simple
run-of-the-wind readout for
about %200. The output

Figure 23. Gradual Isolated Hill and Aclling Hill Cendilians.

S
1WECS Height

Eftective WELS heigh! = WECS height when H-L = lass than 1220 andler in rolling hills

reading is simply the miles
of wind which have passed
the instrument since the
last reading.

For example, if the
readout is checked weekly,
the average wind-spead for
a week with a reading of
2,200 miles is the reading
{in miles} divided by the
riumber of days times 24
hours, or 2,200/7 x24)=
13.1 mithr,

An anemometer can be
mounted on any avaiable
tower. A 30-foot tower can
be purchased for about
$30. A simple adapter will
probably have to be made
to mount the instrument
on the tower. Palypropy-
lene rope {or any other non-
stretching rope or wire}
and metal stakes can be
used to hold the tower up,
and it can be set gn a stea
or wood baseplate to keep
it from sinking into the
ground.

By the time all the
hecessary equipment is

k]

purchased, the simplest
anemometer system wil
probably cost about $300.
Anemometers which c¢an
automatically calculate
and record average wind-
speed may alsc be used,
but thelr purchase witl in-
crease the owver-ali price.
Very sophisticated sys-
terms, costing thousands
of dollars, are also
avaiiable, but the simpie
system is adequate for
most small WECS users.

To obtain an acourate in-
dication of average wind-
speed, anemcometer mea-
surements must be taken
for a considerable time.
Ahout one year is needed
to be reasonably certain of
being within 10 percent of
the actual wind speed.
Each additional year will
reduce the error by 1 per-
cent.

For example, if the wind
was measured for three
years, You can be
reasonably confident of



being within & percent of
the “actual™ average wind-
speed. Since the wind
varies seasconally, the
measuremant should be
done in yearly multiples, or
a correction made 0 the
measured wind speed ac-
cording to what season the
measurement was made.

Correlation measure-
meants {oc determine
average wind-speed using
only & short measurement
pericd have been sug-
gested. Using this method,
anemometfer measure-
ments over a shont period
of time are compared to
measurements at a nearby
weather station for the
same period of time.

The difference bheiween
these shari-iterm measure-
ments is then assumed to
alsg represent the dif-
ference between the actual
average wind-speeds at the
iwa locations., Since the
long-term average at the
weather station is known,
the site's average wind-
spead can be estimated.

Akthaugh this method
looks gqood on paper, it has
not worked wel! in controll-
ed experiments, and s
use is suspect. if it’s used,
the site probably shouidn™
be over 10-20 miles from
the weather station, and
the two terrains should be
similar.

For large WECS sys-
tems, say at least 100 kW
or larger, a site measure-
ment program can be
justified.

However, due to the ex-
penze and time needed 1o

properly measure wind
speed, most prospective
small WECS owners don’t
utilize an on-site
anemocmeter aysiem.

But, if a unique site
demanded such, & useful
short-term  sité anemom-
eter installation might be
to use two recorders —
one instrument on the site
and the other on
unchstrucied level ground
not too far away — and
compare the two readings.

In a few weeks, such site
specifics as the spesd-up
aon a hilltop, or the
shielding effect of an
obstruction, could be
determined.

Other Information

Since the rules given
here are simple, any site
wili probably have some
subtleties which will cause
deviations.

Some of the information
in this chapter was taken

Figurg 24. Ridge Conditions.

{1+ 2 HAY = wind zpaed

from an excellent bock, "A
Siting Handbook for Small
Wind Conversion
Systems,” by Battelle
Memucrial Institute. Check
with your {ocal library or
university for a coepy, or
see Appendix A for infor-
mation on how to obiain
your own.

WORKSHEET 1

Compiete Workshesei 1
to Line §; this wlll give you
the estimated annual wind-
speed for your site or sites.
IUse Tabie 2 or best
avaiiabie information to
complete Line 1. Use Tabla
3 for Line 2. Use Tabie 5 for
Line 3, Tabie & for Line 4
and Figures 22, 23, and 24
for Line &

Worksheet 1, lines 7-14
are addressed in Chapters
four and five. The figures
for Line 11 ¢an be recorded
fram your utility bill.
Worksheet 2 will be utiliz-
ed before you complete
Worksheet 1.

Ridge axiends
a considerable destanca

fﬂ;'—‘_?\‘ East and Wi
- .,
g
-

R
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Worksheet 1

N

Pl =

orth Dakota Wind Energy Handbook

. Average wind-speed at

. Wind-speed comected (or height
. Wind-speed comected for chstruciions
Wind-spasd epmaciad for suracs
Wind-spaed comected for hills

. Estimated annual wind-speed

7. Annual elactrical production
8. Wilization faclor

9. Annual energyzused and returned
10. Monthly energy-esed and relemed

height

Site 1

Sila 2 Gite 3

WECS 1

WECS 2 WECS 2

brr

(

Y { )

used relum used retum  used relemn

1.

Presant electirical use: kWh

January
February
March
April Decrease lines 11
May and 12 if you expec!
June {o institute consarva-
July tion Measures; NGl Ease
August them if you expect ta
Seplember add eleciricai con-
Oetober symplicn wilh new uses
November Qr mathines jeolor
Decembar TV, atcl,

Present annyal elec-

trical usa {year 3

12.

13

14

Monihly average
electrical uss

El=cirical rate(s)

Estimaled monthly savings

base or service charge

WECE 1

WECS 2 WECS 2
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Chapter Four:
Energy Output |

After the site’s average |

wind-speed has been esti-
mated, or its complete
wind characteristics ob-
tained, a WECS energy out-
put can be caicwated.

The energy cutpui deter-
mines how well a particular
WECS will match an ap-
plication, and dictates to a
large exient the wind
generator’s economic
value.

A wind machine’s output
is usually stated in terms
of kilowatt hours (kWh) per
year or month. Two of
several methods of
estimating this cuiput will
be presented here. Given
the monthly or yearly
energy estimates, the
WEGCS’ worth can be deter-
mined.

Energy Output Using
Velocity Frequency Data

The first method of
estimating a WECS' energy
output requires a graph
displaying the cutput as a
function of wind speed, a
curve which is generally
suppiied by the manufac-
turer.

A hypothetical curve is-
shown in Figure 25. This
curve is for a 4-KW machine
which reaches rated power
at about 24 mithr.

The machine begins to
generate power at around
10 mithr. Between 24-36
mi/hr, some type of power
limiting is used to give a
more-or-less constant out-
put, and for wind speeds
above 3E mifhr, the
machine shuis down.

This illustrated curve
isn’t for any particular wind
machine, although iis
shape is similar to those of
a number of machines
presently on the market.

The WECS power cutput
at each wind speed is
given by this curve. For ex-
ampie, if the wind is biow-
ing at 20 mi/hr, the curve in-
dicates the output should
be about 2.5 kKW.

If it’'s known how many
hours each year the wind
biows at each speed, the
WECS' expected vyearly
energy outpuf can be
estimated. As shown in
Chaptertwo, the number of
hours the wind blows at
each wind speed is given
by the velocity frequency
curve. Combining data
from the site’s velocity fre-
quency curve with a
specific machine’s ocutput
curve gives a first approx-
imation of the annual
energy output.

‘Table 7 continues Figure
33

25's hypothetical example

of a WECS installed at =
height of 80 feet on an
ungbsiructed level site
near Fargo.

Locking at the wind
characteristics for Fargo in
Table 7 {data corrected to
€60 feel), you can see a 20
mifhr wind blows, on the
average, for about TG
hours each year. The 20
mifnr winds will generate
2.5x710, or 1,775 kWh of

energy each year.

If ail the different wind
speeds are considered, the
total yearly energy cutput
can be estimated — in this
case, 9,155 kWh as a likely
maximum output.

On the average, this
4-kWh machine would
generate about 763 kWh
per month (9155 +12). The
actual output, of course,
would vary from month to
month, with the spring
months expected to have
the highest gutput and the
summer months the
lowest,

Estimating Power
Cutput from Annual
Average Wind Speeds
and WECS
Characteristics

The amount of power 3
WECS will produce



depends on its operating
characteristics and the
wind's frequency distribu-
tien.

In the following analysis,
the hourly wind speeds are
assumed to have a Ray-
leigh frequency dis-
tribution. Using the Ray-
leigh distribution analysis
far North Dakota winds, a
generic wind turbine out-
put power wversus wind
speed graph, appropriate
curves can be generated.

Thase curves can be
used to calculate the wind
turtine’s average annual
power output, knowing the
average annual wind
speed, the cut-in rated and
cut-out speed of the wind
turbina.

Figure 26 is’ the curve
used with this method to
calculate the annual
average power gutput.

The foliowing example,
using the wind and wind
turbine characteristics of
the example on page 33,
shows how this calculation
s made.

Location is Fargo, North
Dakcta. Annual average
wind apeed is 125 mph &
10 m,

Hypothetical wind
machine characteristics.

4 ¥Wh
Cut-in speed 10 mph
Rated wind speed 24 mph
Cut-out speed 36 mph

RS (Rated speed)=The
lowest speed at which the
generator produces power
at its rated capacity.

CO {Cut-out speedj=The
speed above which the
generator doesn't operate
{due to hazardous winds),

Al {Annual Average Wind
Speed.)

Average Power Output _ .o,

Rated Power

Annual average power out-
put=200 x 24 x 38E x4 =
10,161 kwh

Annual average power out-
put = 10,161 % .75 = 7821
{Using the 75% operating
factor)

Cl ({Cut-in speed)=Wind
speed below which the
generator produces no
electricity.

1. Caiculate the foflowing
ratios:

€0 _ 38 _i5
RS 24
AA 138 _os7
RS 24

AL =128 mithr@a10 m

From Table 3, the wind
correction factor is 1.09,
using speed measured at
10 m.

Height at which wind
speed is to be found =60
fi.

AA=125x1.09=13.6 mph

From Figure 26

Table & can also be used
to calculate the annual
average power cutput from
the average wind speed.

The use of this table to
make the calculation is il-
lustrated by the following
exampie:

Using the wind maching
from the previous ex-
amples.

Cut-in wind speed =10
mph

Rated wind speed =24
mph

Average annual wind
speed =
12.5 mithr @10 m (32.8 ft.)

Coarrected to 80 ft. =13.6
mifhr

Figure 25 Hypotheficai WECS Output vs Wind Spead.
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e

/

WECS QOutput Power in k'W
(X1

L

—-——-a—m-—.-—p—-—n-—l{---_-

10 15

20 25 30 3/ 40

Wind Speed in mifhr



From Table 9:

Avarage wind speeg = 13 mifhr
Cut-in wind speed = 10 midhr
Rated wind speed =24 rmithr
Annual pewer output = 1560 KWh
Average wind speed = 14 mirhr
Cut-in wind speed =10 mifr
Rated wind speed = 24 mifhr
Anrual power sutpul = 1,900 ¥\Wh

Annual power outputdg 13.6 mifhr=
(1560 + (.60 {1330 156004
=7.032.00

Considering the com-
plexities of the calcuia-
tions, these values com-
pare relatively well with
each other. The dif-
ferences are caused by the
fact the actual WECS curve

isn't exactly constant be-
tween rated and cut-out ve-
locities, and some uncer-
tainties exist about how
wind speed varies with
height. The answers are
close encugh for gither to
be used.

Tabie 9 can be used to
analyze a wind machine at
any site if the average wind
speed can be estimated
and the WECS power curve
has a smaoth shape be-
tween cut-in and rated
valocity, as weill as a
reasonably constant out-
put above its rated veloci-

ty.

All of the preceding
methods give the average
annual WECS output. In
any given year, the actual
output could be consider-
ably differeni, since the
average wind speed that
year could vary consider-
ably from the long-term
average wind speed.

WORKSHEET 1

Complete Line ¥ of
Worksheet 1 by selecting a
machine available to you,
or one for which you have
information, and es-
timating its annual eleg-
trical production from
Worksheet 2 or Table 4.

Table 7. Hypothetical Annual Power Output (WECS at 60 It. on clear level site, Fargo, ND)

Hours WECS
Wind Spead of Fower Energy
WS MifHr Wind KW KWH
Calm Calm - - -
1.12 o5 1R - -
vl &0 LE - -
336 [ 1340 - -
448 100 1419 210 142
580 125 1279 Q.56 tal
6.72 15.0 16 1.08 1mar
784 175 BET 1.70 1474
_____E._BE ‘H).0 Ti0 2,30 175
10.08 26 A5 3.90 1811
11240 280 263 4.00 1052
1232 21.E 114 39 445
144 0.1 79 ar 292
$4.50 32 53 36 19
15.68 351 17 15 60
18.30 37.6 L] - -
17.92 301 & - -
15.04 426 1] - -
HE 451 0 - -
nes 475 L] - -
240 0.1 o - -
Total 9155 KWH




The energy estimate
from Table 9 is for a 1-kW
machine, so remember to
multiply by the power
rating of your selected ma-
chine to get proper annual

Once a site's wind
potential has been deter-
mined, the next step is siz-
ing and selecting a WECS
machine. Once you've ac-
complished this, you're in
a position to evaluate the
econgmics of' the whole
venture — site, machine
and output.

This chapter offers infor-
mation and technilques for
these last two areas of
concern: sizing a WECS
and determining economic
value.

Sizing the WECS

The optimum wind ma-
chine size depends upon a
combination of the site’s
wind potential, the amount
of- energy used at the
restldence or business
where it's installed and the
applicable utility rate
structure.

Far most customers,
electrical use varies with
time;, WEGCS output will
also vary with time. This
situation compoungs the
selection process and re-

kKWh cutput. You may wish
to try aut on paper several
different machines to see
what power production to
expect on your site or
sites.

Chapter Five:
Machine Selection
and Economic Evaluation

quires that purely econom-
ic criteria be discussed
first.

Cost Economy

A WECS aconomic valug
Is directly related to the
price of other electrical
power and, for those
WECS owners connected
to the utility grid, the buy-
back rate paid by the utility
for the WECS-produced
electricity unused at its
site.

There will be times when
the WECS output is high
and customer use low,
such that energy will be
stored on-site ar
“returned” to the wutility.
Comwersely, there wili be
times when WECS output
is low (zero during
maintenance and periods
of low or extra-high wind
speeds) and user demand
high, such that electricity
is demanded from storage
in the stand-alone installa-
tion, or from the utility in
the paraliel installation.

Far the stand-alone
3%

case, the WECS' size is in-
fluenced by the cost of
back-up power, the
machine and fuel cost of
ancther generator and,
more particularly, the size
and cost of storage bat-
terles.

Buy-Back Rates

in MNorth Dakota, the
eleciric utilities must buy
back electricity preduced
by a WECS. At the present
time, thera are three possi
ble buy-back policies
available to the paratlel
WECS,

The utility may pay for
the WECS electricity at (1}
less than the rate the
customer ordinarily pays
for electricity from the
utility, {2) at the same rate
the customer pays or {3) at
a higher rate than the cus-
tomer pays.

The fower-than-retail
rate is presently the case
for all North Dakota
utilities. This is because
the Federai Public Utilities
Regutatory Policy ACY



{(PURPA} of 1978 stipulates
public utilities must ac-
cept power from small
parallel electrical energy
producers (wind, hydro and
solar and buy it at the utili-
ty's avoided cast.

The avoided cost is
defined as "the incremen-
tal cosis to an electric utili-
ty of eleciric energy or
capacity or both which, but
for the purchase from the
qualifying facility or
qualifying facilities, such
utility wouid generate
itseif or purchase from
another source.™

In practical terms this
means utilities must buy
gleciricity from WECS
owners at a rate which

reflects the fuel costs
ayoided, plus the cost of
any new ptant and eguip-
ment {capacityl avoided
which would be needed o
Burn that fusl.

Howevar, some North
Dakota utilities presently
have excess generating
capacity and waon't,
therefore, be avoiding new
capacity costs until 1885
or 1990, In these cases,
electricity purchased from
a WECS owner will oniy
refleci the avoided fuel
cost.

Most utilities distin-
guish between small
power production facilities
providing electricity on a
“dependable” basis and

those supplying electricity
on an “occasional” basis.

Higher rates are paid for
dependable power, of
course, but it must
generally be delivered at a
mimimurn of 85 percent
capacity factor during the
on-peak period in each
month. This provision
almost cerainly excludes
WECS faciiities from
“*dependabie”™ service con-
tracts with utilities.

The lower-than-retail
buy-back rate structure is
implemented by instaliing
two meters at the WECS
site. Each meter I1s mod-
ified {detented} so it can
only turn one direction.
Cne meter measures elec-

Table 8. Wind Velocity Frequency, Selected Locations at B FL inumber of hours at given spesd)

wind Speed Bizsmarck Dickinson Fargo Grand Foerks Jamesiown  Minot Pembina  Williston
KIS M Hr Hrs. Hrs. Hr=. HIs. Hrs, Hrs. Hrs. Hrs.
Calm Calm a1 54 T 537 158 ZB3 53 B4
112 25 17 5 14 354 438 ] 114 E]
224 5.0 1714 T34 753 121 1153 5% B5g 555
13I8 5 1410 BRS 1340 1331 E7E 1156 AT 1638
A48 100 1383 a7 LR 1244 1 1 1585 S 1482
5.80 128 1618 1344 12T 1184 R 1808 1899 1456
672 15.0 T45 1051 1ME 851 64 97T 854 86T
7.54 178 EE6 911 857 m 657 31} TEZ 692
.96 0.0 B34 tos1 Fa ] 56t 565 it} b 1] £31
1005 2.8 a1z ERG A 333 E13 753 a7 33
11.20 25.4 201 438 ZE3 219 289 289 347 166
13.32 2.6 i 14 114 105 gt ] T 280 m
13.49 a0 52 140 79 i 728 52 7z Y]
1450 328 35 114 53 53 114 52 114 =
15.68 351 . 17 70 17 17 Et1 18 k-] |
16.80 LK 8 44 g 8 53 g 52 9
1752 401 1} 26 [ Z 17 o4 iz 1]
1014 43.E o 17 Li] 4 9 L] 18 a
201E 45,1 1) El o Q 9 i} k- -]
| at i} 4 L] L 3 L] a o .
] 5ot Qo E a L1} o ! o 0
23528 E26-626 a @ 1] a 2 o Q 3
41,936 651752 1] 13 f i ] a o o

a




Figure 26. Estimate of Expactad Averaga Power Owipu) for Wind

Turblnes.

0.8

RAalad Power

Average Pawsr Outpul

Cut-Out Spead
Ratad Spaad

tricity dellvered by the uiil-
ity and the other electricity
returned. {Some utilities
limit ihe amount of elec-
tricity they’ll buy back frem
the parailel WECS system
ownerl.

At the time of this
writing, most North Dakota
Utilitizs pay only 1-2
cents/kWh for occasional
powsr delivered by &
WECS. With lowerthan-
retail rates like these, a
consumer generzlly
doesn’t want to purchase a
large WECS which will
return a significant amount
of energy tc the utility,
since little credit will be
received.

A retail-buy-back rate
results in the WECS owner

o4 05 06 0.7 08 0% 1.0
Annual Maan Wind Speed

Raled Wind Speed

paying the utility for the
net electrical energy used
each month {sometimes
called net energy Biiling). A
single meter is used, and
when energy is returned to
the utility, the meter dlals
turn backwards. The effect
— the utility buys back
energy at the same rate it
sells it.

Althcugh this buy-back
policy has been discussed
by state WECS supperters,
nc Morth Dakota utility has
adopied such a rate struc-
ture. But, even if a retail-
buy-back or net enargy bill-
ing policy comes into ef-
tect, you should select
your WECS to produce no
more than the average
amount of energy used
each month.

a8

11 1.2 1.3 14 1.5

With a higher-than-retail
rate structure, a larger
wind-generator supplying
more than just the energy
needed at the WECSE site
may be economically feasi-
ble.

Prasently, however, no
state utility avoids fuet and
capacity costs at a higher-
than-retail rate when con-
necting to a WECS, and
unless existing generating
facilities are pushed 1o
their capacity limits and
utllities forced to build
more expensive generating
piants {possitly in the
1930s), none probably will,

Cbviously, the rate
structure affacts signifi-
cantly the size of the
WECS to be instalied. If a
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Worksheet 2
Annual WECS Energy Output
{trom wind veiccity frequency and from

WECS 41
Wind Hours Qutput Energy
Speed of Power
rifhr Wind kW KwWh

machine power output}

WECS 82
Cutput Energy Cutput
FPower Fower
KW EWE W

WELCS #3
Energy
kwh

E8mmu$mmmuummmaddaéaaAAAd
Fud = 25 00 =t OB P fa [ Rk S LD B = UM b 3R =k O30 O d AT G B L3 BT -

SBRUEE

Total Energy
Correction Factor
Expecied Qutput




net energy rate is in effect,
and the utility won't pay for
more than it sells, a WECS
generating a litile less
energy than the monthiy
use should be installed.

On the other hand, if the
utilities’ avoided costs
escalate to levels above
retaii rates, then the con-
sumer might consider in-
stailing as Jarge a wind
machine as is appropriaie
to the site or investment
desired; then the choice
can be made with liftle
consideration for the

| amount of energy used at
the site.

Bui, i the buy-back rate
is at the lower-than-retail
raie — as is the case forall
present state utilities —
then the WECS should be
sized so that most of its
output is used directly and
little returned to the utitity.

By examining the rate
structure, a consumer can
begin to determine {make
an educated guess) how it
impacts WECS sizing in

his or her situation.

Tabie 10. Cn-Site WECS Electrical Use Factor, Residential, Non-
alactric Space Haatling {in percent WECS annual output)

Annual Cuatput of

Average Monthly Use in kiwh

WELCS in Ki¥h
500 750 1000 1500 2000
2000 525 39 70 1000 1000
000 220 8.5 5.0 9%.5 33
5000 na 78 E1L0 812 560
10000 0.4 340 4559 53 8.0
15000 143 248 et 2 5.2 26
20000 11.0 3.5 74 L 515

Table 11. On-Siie WECS electrical Use Factor, Residential,
Eleciric Space Heating g {in percent WECS annuai output}

Annual Cutput of Average Monthly Use in KWh
WECS in kWh
1500 2000 2500 30080

5000 58.7 Ti% 97 95.3
10000 453 2.1 B35 3t.9
15000 85 582 7335 809
20080 3.6 451 B4 s
30000 211 336 8.7 56.4

Table 12, On-Sile WECS Efecirical Use Factor, Commaercial, and In-
dustrial (in percent WECS annual outpul, 8 a.m. to 5 p.m. business day}

Anngal Qutpot of Average Monthly Use in kWwWh
WECS n kYvh
4000 G000 30040 10000 12000
25000 6589 a3 0.3 8T s
SO000 439 Sr.O 560 7.2 7449
TS000 322 43.5 53.5 S04 5539
100000 253 353 4.0 51.5 511
150000 1.7 253 32 3 29
200000 138 196 %3 3008 353

$

Electrical Use Faclor

The following three
tables present estimates
of the proportion of WECS-
generated electricity that
would be direcily used on-
site {and the remainder be-
ing returned to the utility
or stored): Table 10
presents information for
residences with pon-
electric space heating,
Table 11 gives data for all-
electric residences and
Table 12 estimaies
business wulilization fac-
tors.

The percentage shown
is a function of monthly
energy demand and the
wind machine's energy
output. These tables can
be used to hefp determine
the optimum WECS size
for a given buy-back rate.
The tables are estimates
made from assumptions
about how house electric-
al-demand and wind-speed
varies during the day and
year. For example, sup-
pose a WECS expecled to
generate 6,000 kWh per
year is being considered
for a gas-heated residence
using an average of 1,000
kWh per month.

In such a situation, 61
percent of the energy will
likeiy be used directty and
39 percent scld to the utili-

ty.

Table 12 assumes most
electricity is used by a
business between 8 am.
and 5 p.m. An individual
business may have dif-
ferent hours, so the table
may nct apply.



Future data and ex-
perience may {mprove
these tables. But, for the
present, they provide the
most reasonabie estimates
available.

Widespread use of load
managemen! techniques
may change the amount of
electricity purchased from
and returmed to the utility.
if the WECS user delays
certain tasks, such as
clothas drylng and air con-
ditioning, until a time when
the WECS output is high,
the electrical use factor
can probably be improved.

WORKSHEET 1

Compiete Lines 8 and 9
by selecting an appropriate
electrical u=e factor from
Table 10, 11 or 12, and
multiplying t¢ determine
the likely on-site utilization
and that available for sale
to the utility.

In the stand-alone case,
this split gives an estimate
of the energy being utilized
directly and that going to
storage. Doing this for
several machines will {l-
lustrate the range of poten-
tials.

Value of the WECS

The next step is estima-
ting the savings on the
maonthly  electricity  bill
when the WECS is used.

In most cases, the sav-
ings ara determined from
the unpurchased electrical
energy {l.e. ‘“saved" by
your investment in your
own machine)], although in
sorme cases all the WECS-

produced energy may be
sold directly to the utility,
independently of what’s
being purchased for home
use.

Care must be taken to
determine exactly what
energy is being displaced.
For example, suppose the
rate structure for a
residence served by an
elactric utility is:

%3 Zarrice change assh menth
£ cantakvh for fha firak 800 kwh

4 camtakwh for all usage atier e first 800
ewh

1.5 gentamWn lor hual coal)

{Ask your local utility of-
fice for these rates; they're
the rules determining how
yvou'll be billed for electrici-
ty. They're established by
the utility and for all
regulated utilities and
must be approved by the
North Dakota Public Ser-
vice Commission.}

Further suppose the
residence uses about 1,000
kWh per menth, and the
wind machine, as in the
sarlier example, will supply
6,000 kWh per year.

The manthly averagqe
WECS output will be 500
kWh (6,000 kWh +12) and,
from the values in Table 10,
E1 percent, or 305
kWh/month will be used
directly. Thirty-nine per-
cent, of 195 kWh, will be
returned to the utility each
month.

First, consider the utility
bill without the WECS.
Then consider the savings
in the three buy-back situa-
tions.

a2

Without WECS

In this example, the elec-
trical cost without a WECS
iz the service charge, plus
the cost for the first 80O
kWh at the base rate, plus
the cost for the last 200
kWh at the lower fate:

Sordicg Chargo ¥ 30
ElEta_m‘l_(’W_h oG 5 cants #1.00
Trvr BOC KWh: 200 24 cants 4,00
Weonthly whecing B 5.0

Low Buy-Back

Assume the buy-back
rate is set at the utility's
fuel cost, or 1.5 cents!
kWh in this example. Of
the 3065 kWh!/month used
directly, 200 kwh displaced
the 4 cents/kWh electricity
and the remainder (105
kwh) cut into the b
cents/kKWh electricity. The
1.8 cents/kWh rate applies
to the 195 kWh returned to
the utility. Or:

4 o AWNh dtaplacad 054 canty § 500
5 Gl AWWh g et 1508 5 canta 5
Sl toutiiity; 6 1.5 et 290
T g FEE

And the utility bill wili be:

Monthiy eleciric bill withaul ng 151.00
Sotae. 15 1K
Etectnic bill M52

Retail Buy-Back

With retail buy-back, one
meter indicates a nat 500
¥Wh of utility electricity
has been used and the ac-
tual bill will be the service
charge, plus use, or
33 +500 x5 cents = $28.



Since the WECS average
output is less than the
average consumption, and
its autput is estimated to
be 500 kWh, the savings
are:

& canis/hwh Qisplaced 200 aghd canl 3 800
S e e/hWh displaced 300 &5 cants 15,00
Savings

22300

And the utillty bill will be:

Megrthiy bt i Dill withagt WESS 50100
Sirwings 3.0
Electrig hill 5.0

Higher-Than-Hetail
Buy-Back

At the tirne this publica-
tion is released, highear-
than-retail buy-back rates
don’t exist in MNorth
Dakota. But if, as an exam-
ple, the buy-back rate was
7 cents/kWh, the savings in
the same format as above
would be:

4 cenfu/kiwh chisplaced: M0 4cenis  E E.00
5 eantukih displaced; 105 @5 s 525
Sanbel te wtllaby 1RE@ T cants 1365
Savings %2690

And the utiiity bill will be:

Hanthty electrie il witho WECS =61.00
Gavings. - .90
Elesmic bt

1t'=s more likely the

WECS owner would seil all
the WECS-generated elec-
tricity back to the utility at
the higherthan-retail rate
and buy all site-used elec-
tricity from the utility at the
normal retail rate, Or;

MRl eleatrs bl withowet WECS »;aa
Seldd 1w wtilicy SO G T cents 3500
Elegtre: bilt 216500

This example is based
on one particuiar wind
machine’s output at a
specific site, with a typical
set of rates given,

Not surprisingly, the
best savings occur in the
situation wherg the buy-
back rates are higher than
the retail rates. in fact, if
the high buy-back rate’s in
effect, an s&ven larger
WEGS might be evaluated
for its potential at the site.

These three examples il
lustrate the significant way
the WECS' economic valug
is influenced by electric
utility rates. Obviously,
future rates will have a pro-
found impact on 2 WECS'
SCOnOmis value.

Your own savings
calculations may be morg
compiicated than the
above example.

For some state utilities,
rates vary during the year.
Summer rates are typicaily
highar than winier rates, s¢
calculations will need to
be made for each rate and
an average monthly sav-
ings determined.

In addition, the amount
of electricity ovszge  will
vary with the season, com-
plicating the calcutation of
average monthly savings.
As a result, it will probabily
ke impossible to calculate
the savings obtained ex-
actly. However, using the
rate structure, the WECS
energy output and a little
COmMMmOon sense, a
reasonable estimate
should be possible.

There are other features
of rate structures that may
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be encountersd when the
monthly savings is being
estimated.

One is the fuel-charge-
adjiusiment, an extra cost
per kWh passed on to the
consumer, dependent
upon the cast of fuel being
burned to produce elec-
tricity. This adjustment
typically wvaries monthly,
but the utiiity will usually
tell you the average sur-
charge, which can then be
used in the monthly
costsfsavings., Taxes and
other surcharges may aiso
raise the cost per kWh, and
must be included in your
calculations.

Businesses, and some
residences, may aiso have
a "demand charge" as part
of their monthly biil. The
demand charge is reiated
to the peak monthly {or
yearly} dermand. The WECS
owner should read the utili-
ty's PURPA policy state-
ment to find out if the
WECS will affect demand
biiling.

WORKSHEET 1

Now cantinue Work-
sheet 1 by identifying the
necessary rates ap-
propriate to Line 13. Con-
sider Line @ and the likely
allocation of kWh at dif-
ferent rates, then multiply
out each rate and add to
find the monthly costs and
savings for each prospec-
tive machine at ach site.

Future Yalue of
the WECS

Mow you're ready for the
ditficult part — estimating



how much to pay forawind
machine,

Will it be a wise invest-
ment? Wil it make as
much, or more, money than
some other reasonable in-
vestmeant?

Up to this point, the
estimateg, even if uncer
tain, are based on things
that can be measured
{wind-speed, tower height,
output curves) or for which
there are answers {your
current utility rate). Now,
however, you must deal
with such questions as
future electricity prices
and inflation rates.

While these are difficuit
questions, you aren’t alone
in dealing with this pro-
blem. Businesses, utilities
and government agencies
are all struggling with
these energy planning
questions, compounded by
the global nature and in-
creasing complexity of
energy systems, and by the
uncertain ¢hange rates in
consumption, production
and prices.

Yet, despite these dif-
ficulties, vou'll have 1o
make some estimates to
make a2 decision.

in addition to the above
cautions, additicnal issues
have to be considered in
the analysis of WECS
vaiue.

The complete financial
nicture depends not cnly
on the future electricity
costs, but alsc on the in-
stalled WECS system cost,
{including incidental costs
like interconnection equip-

ment and liability in-
suerance policies), tax
credits obtained by the
WECS installation {and, in
turn, the incremental
federali and state income
tax bracket of the owner),
interest rates for borrow-
ing monsy to buy 1ihe
WECS (even it you borrow
from yourself, it's a facton,
the amount of required
WECS maintenance and
the WECS lifetime {or
amouni of time you want it
to take for a return cn your
investment).

For business use, the
method of depraciation is
alse a consideration.

All these factors make
the economic picture
cather complicated, and a
complete expianation of all
passible economic calcu-
lation won't e given here.

instead, a technigue is
presented to help you iden-
tify future WECS vailues.
The technique gives a very
rough estimate of WECS
value,

Rough Cost Estimate

Only for residential
users, the rough cost
method is simple, but not
always accurate. To
estimate a WECS installa-
fion value, simply take the
monithly savings and
multiply by the number of
months you expect to use
the WECS to get the total
Savings.

Then, if you're consider-
ing buying a WECS costing
$5,000 or less, multiply the
total savings by 2.5,
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The multiplier reflects
the tax credits you'll
receive. If the total savings
times 2.5 is greater than
the WECS cost, the invest-
ment is werthwhile.

If you're considering 2
WECS costing between
$5,000-$10,000, muliiply
the total savings by 2.0.

This simple method will
give you a rough estimate
of the amount you can pay
tor a WECS, up to about
$10,000. For a WECS
costing more than $10,000
simply add 35,000 to the
total savings.

Several examples foltow
that use this method:

Consider the WECS saw-
tng $25 per month and you
wish to pay for itself in
seven years (84 manths). Is
this $5,000 WECS a good
investment?

To follow the rough
estimation procedure, take
$25x B4 =%2,100 and
multipiy by 2.5 {o gel a
“rough cost” estimate of
$5,250. Ilts value exceeds
its costs by about $250, S0
the investment locks
reascnable,

As second example,
consider a machine to be
used for 15 years (180 mon-
ths).

In this instance,
£25 %180 =%4 500,
multipiied by 2 (since the
costisin excess of £5,0000.
Then, 2 x §4,500=3%3,000
could be paid for the
machine.

Far our third example,



tonsider a WECS saving
75 per month that must
pay for itsalf in five years
{60 months). .

tn this case, $75x680=
$4,500, multiplied by 2
gives 39,000 as the
estimate of its value.

Finally, conszsider a
WECS saving $100 per
month for 15 years, The
savings are $100x 180=
518,000, Adding $5,000 (for
WECS costing more than
$10,000) gives $23,000.

If you've followed the
discussion and rationale of
the preceding chapters,
and {especially) completed
Worksheet 1, then you're
ready to deal with a few
final sets of hurdies before
installing a wind machine.

Locals

While eariier chaptars
dealt with locale from a
wind environment and
technical perspective,
locale here raelates to
social and political con-
siderations,

What are the reguilations
limiting WECS installa-
tions andior affecting the
installed cost? Answers
here vary greatly across
the state.

You should datesmine a
costivalue estimate for
each machine at each stte,
in corder to compare
relative values.

These analysis pro-
cedures can be very useful,
az long as their limitations
are remembered. In all
cases, mMmore precise
astimates of power pro-
duction may be calcuiated
when more precise wind-
speed data becomes
available. Remember,

however, that an “average™
YEAr NEeVer OCCUrs.

When new utility rates
are determined, a newer
and more realistic estimate
can be made of slectrical
costs and savings. But, the
WECS value wil! always be
a moving target, and deci-
slons to act must be made.
Hopefully, the procedures
and technigues of this
chapter will be informative
enough 1o aid you indeci-
sions about alternative
energy investments,

Chapter Six:

\Installation and Operation

You can expect develop-
meant issues in, say, rural
Slope County to differ from
those in the metrapolitan
Fargo area. But, since
some issues vary even
within counties, each site
must be considered on its
own. Two general areas are
covered here: land use
regulations and buiiding
code regulations.

Land Usea Regulations

Frivate and public land
use regulations may affect
WECS installations.

Frivate regutations in-
¢lude deed resirictions
and covenants. Read your
dead and check out any
convenants applying o
your iand.
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This is,most likely to be
a problem in a new urban
residentiai subdivisions, or
even industriat parks. And,
whlle some restrictions
can be amended, others
are immutable, leaving you
the single recourse of find-
ing another site.

Zoning

Zoning ts the pringipal
pubdic land-use regulaticn
to be considered. A local
zoning ordinance may jimit
tower height, specily the
tower's setback from the
property line be greater
than the tower height or
even specify the setback
be equal to the maximum
distance a rotor blade
could be thrown from the
WECS.



Therefare, talk toc the
zoning administrator with
jurisdiction over your site
to determine the particular
Zoning provisions that ap-
py.

Zoning regulations
aren’t unitarm fram one
jurizdiction 1o ancther, and
requirements vary from
one zone to ancother within
any given ordinance.

Slnce you usually want
to mount a WECS as high
as you can afford, height
restrictions are a likely
zoning limitation for & suc-
cessful instatlation.

Qvercoming height and
other restrictions varies
greatiy from one jurisdic-
tion to ancthér. In some
cases, a simple request for
a gpecial permit may be ait
that's required.

In other cases, a zoning
change, a change in the or-
dinance text or a variance
may be necessary — each
has a different procedure,
with a different chance of
success in any given situs-
tion.

Building Codes

Some potential WECS
sites, particuiarly in urban
areas, are supbiect to
building code regulations.
Since long-term safety
considerations are at the

base of most items In a
building code, it should

always be followed.

In fact, all appropriate
safely elements should be
followed, aven i not re-
guired by a local jurisdic-
tion.

Maost codes allow
ownars 1o do most wark,
subject to inspection. If
you don’t do your own in-
stallation, some building
code items may increase
the installation cost —
such as requiring a llcens-
ed electrician to make cer-
tain connections, install
meters, etc. Rarely will this
additional cost be the
single make-cr-break ele-
ment in your decision to in-
stall a WECS.

Insurance

Cine necessary opera-
tions efement is tnsurance.
There are two types of in-
surance a WECE owner
should be interested In:
liability insusance, in case
the WECES causes any
damage, ang insurance for
the wind machine itself, in
case it's damaged or
stolen.

Since there aren't a large
number of WECS presently
operating in the state, in-
surance companies have
limited experience cover-
ing WECS, and their
policies differ.  appears,

therefore, that when you
wish to insure your WECS,
it's best to shop around,
just as you do when shop-
ping for other products and
Services,

A 1982 inquiry into wind-
maching insurance in
Fargo drew the following
responses: With one com-
pany, a residential site
WECS would be covered
under the existing
household policy as a rider
at $30,000. The iiability
could be covered by the ex-
isting policy or an umbrelia
policy that would take care
of liability over and above
the regular liability policy.

One company writing
policies for farmers in-
dicated that they would in-
sure the WECS as |f it were
another building on the
farm.

Ho information was
gathered on insurance for
the commercial use WELS;
it is expected that the find-
ings would be similar 10
that for residential
policies, again there will
probably be some variation
between one company and
another. A prospective
WECS owner should con-
tact Insurance companies
in their area to determine
policies and prices. It ap-
pears that some com-
parison shopping would be
in order, and that signifi-
cantly different rates for
essentially the samsa
coverage can be obiained.
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AFPPENDIX B

Morth Dakota
Tax Incontlves

The 18981 Leqgislature
passed a law allowing a tax
credit for the cost of a
gecthermal, solar or wind
energy device installed or
on property gwned by &
MNorth Dakota taxpayer.

The credit is limited o 5
percent for three years of
the actual cost of acquisi-
tian and instailation of the
geothermal, solar or wind
energy device,

The thrae years in which
the credit must be used are
the year of installation and
the two years immediately
following.

If a2 geothermal, selar, or
wind energy device is part

of a system using other
means of energy, only that
portian of the total system
directly attributable to the
cost of the gecthermal,
solar or wind anergy device
can be included Iin deter-
mining the amount of the
credit,

The cost of installation
will not inclede cosis of
redesigning, remodelling,
or otherwise altering the
structure of a building in
which & geothermal, solar
or wind engrgy device isin-
stalled,

This credit i1s available to
any taxpayer who installs
within North Dakota a geo-
thermal, solar, or wing
energy device on or after
January 1, 1981,

The 1981 Leqisiature ap-
proved an expanded pro-
perty tax exemption for
solar, wind or geothermal
anergy systems.

1. An exemptton from pro-
perty tax for a solar, wind,
or geathermal energy
system is wvalid for five

years following the date of
the system’s installation.

2 Property exempted in-
cludes instaltations,
machinery, and equipment
of systems in new or ex-
isting buildings or siruc-
tures, designed to provide
heating or cooling or 1o
produce elactrical or
mechanical power, or any
combination of these, orto
store any of these, by
utillzation of solar, wind or
geathermal ensrgy.

3. i the sciar, wind or
geothermal energy device
is part of a system using
other means of energy, on-
ly that portion af the total
aystem directly attribu-
tabte to solar, wind or gec-
thermal energy will be ex-
empi.

Those who wish to apply
for this exemption should
contact their local as5es8s.
or or their ¢ounty directar
of tax equilization.




